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SILICON WAFER 

(57)Abstract: 

PURPOSE: To provide a silicon sintered product having a high density, 
a high strength and excellent processability, and to provide a board for 
holding wafers and a spattering target, which can be produced from the 
sintered product at low costs in high raw material yields. 
CONSTITUTION: The silicon sintered product of this invention is 
characterized by being a silicon sintered product which is formed by 
compression-molding silicon powder heated within a temperature range 
of from 1200° C to the melting point of the silicon under vacuum and 
subsequently sintering the molded product, and in which the crystal 
particle diameter of the sintered product is <100jW m. Boards for holding 
wafers, spattering targets and silicon wafers are formed from the silicon 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation 

may not reflect the original precisely. 

2.**** shows the word which can not be translated. 

3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1]A silicon sintered compact which is a silicon sintered compact 
which carried out compression molding of the silicon powder heated and 
deoxidized in a temperature requirement of less than the melting point 
of not less than 1200 ** silicon, calcinated it, and formed it under 
decompression, and is characterized by setting a crystal grain diameter 
of a sintered compact as 100 micrometers or less. 
[Claim 2]lt is the silicon sintered compact which carried out 
compression molding of the raw material silicon powder from which it 
heated under decompression of silicon powder prepared by a CVD 
process in a temperature requirement of less than the melting point of 
not less than 1200 ** silicon, and oxygen and an impurity were removed, 
and calcinated it, A silicon sintered compact, wherein density is not less 
than 99% and an oxygen content is 300 ppm or less. 
[Claim 3]A board for wafer maintenance forming from the silicon 
sintered compact according to claim 1 or 2. 

[Claim 4]Fe contained in a silicon sintered compact, nickel, Cr, Co, Mn, 
aluminum, Cu, Na, K, U, the board for wafer maintenance according to 
claim 3 setting a total content of Th as 10 ppm or less. 
[Claim 5]A sputtering target forming from the silicon sintered compact 
according to claim 1 or 2. 

[Claim 6]A silicon wafer forming from the silicon sintered compact 
according to claim 2. 

[Claim 7]The silicon wafer according to claim 6 which content of each 
element of Fe contained in a silicon sintered compact, nickel, Cr, Co, Mn, 
aluminum, Cu, Zn, Mg, Ca, Na, and K is 0.5 ppm or less, and is 
characterized by content of each element of U and Th setting it as 
0.0005 ppm or less. 
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* NOTICES * 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application]The board for wafer maintenance in which this 
invention was formed using a silicon sintered compact and this sintered 
compact, A sputtering target and a silicon wafer are started, especially it 
is high-density, intensity is high, and it is related with the board for 
wafer maintenance which can be inexpensive manufactured by the high 
raw material yield, a sputtering target, and a silicon wafer using the 
silicon sintered compact excellent in processability, and this sintered 
compact. 
[0002] 

[Description of the Prior Art]In the semiconductor manufacturing 
process, the silicon wafer which cut cylindrical single crystal silicon 
thinly, carried out polishing processing of the surface highly, and gave 
mirror finish is used widely, micro processing, like various circuits can be 
printed on this silicon wafer surface is performed, and IC (integrated 
circuit) is formed. Generally the single crystal silicon of the above- 
mentioned cylindrical shape is manufactured by a natural state by what 
is called a crystal pulling method dissolve the silicon solid which is 
polycrystal, insert the small single crystal used as a seed into it, and 
make it grow up to be a big single crystal body, although the diameter of 
single crystal silicon is also further attained [ the increase ] from 6 
inches to 8 inches, in order that advanced crystallization technology may 
be required by progress of single crystaHzed technology in recent 
years, the difficulty that intensity is low is in the top where a 
manufacturing cost is still high. 

[0003]In the semiconductor manufacturing process, the board for wafer 
maintenance of various kinds of forms of holding two or more 
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semiconductor wafers (silicon wafer), and holding two or more wafers as 
a fixture for heat-treating oxidation, diffusion, etc. simultaneously to all 
the wafers is used. 

[0004]Drawing 1 is a perspective view showing the example of 
composition of the board for wafer maintenance of a horizontal type. 
This board 1 for wafer maintenance welds two or more support rods 3 
for standing straight and laying the wafer 2 in response to the periphery 
edge of the disc-like semiconductor wafer 2, on one pair of fulcrums 4 
and 4 by which the placed opposite was carried out, and is constituted. 
Many retention groove 5 in which the periphery edge of the 
semiconductor wafer 2 is made to insert is engraved on each support 
rod 3. 

[0005] Drawing 2 is a perspective view showing the example of 
composition of the board 1a for wafer maintenance of a vertical mold for 
accommodating and holding two or more semiconductor wafers 2 in a 
vertical mold CVD system. This board 1a for wafer maintenance forms 
one pair of cover elements 6a and 6b which carried out comparatively 
the two cylinderHike-object-with-base objects 6, and formed them, 
enabling free attachment and detachment, allocates the wafer support 
material 7 in the inner surface shaft orientations of each cover elements 
6a and 6b, and is formed in them. Many projections 8 for holding the 
outer periphery part of each wafer 2 in a horizontal position are 
allocated by each wafer support material 7. The slit shape reactant gas 
introducing hole 9 is drilled in the lengthwise direction of each cover 
elements 6a and 6b, and the cylinderHike-object-with-base object 6 is 
fixed on the support 10. 

[0006]The wafer 2 of a large number used as a processing object is 
supported by the wafer support material 7, and after being covered with 
the cylinderHike-object-with-base object 6, the board 1a for wafer 
maintenance is carried in in the furnace of a CVD system, inflow 
appearance of the reactant gas introduced in the furnace is carried out 
from the reactant gas introducing hole 9, and a CVD film is generated by 
each wafer 2. 

[0007]That in which various fixtures, such as the conventionally above 
boards for wafer maintenance, were generally formed with silica glass 
was used. However, when heat treatment temperature became a not 
less than 1 100 ** elevated temperature, or when heat treating time 
became long, it was difficult for silica glass to become soft with heat, 
and to produce and use a shape change for the whole board repeatedly. 
[0008]As this measure, the board made from heat-resistant SiC and the 
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board made from Si which were more excellent in high temperature 
strength are also used. However, since the purity of a SiC raw material 
is low as compared with quartz, a wafer is easy to be polluted with the 
impurity which vaporizes at the time of heat treatment in the case of 
the board made from heat-resistant SiC. Therefore, it becomes 
indispensable to form the SiC film of a high grade in the outside surface 
of the board body formed by SiC of low purity by CVD further, and there 
is a problem that a manufacturing cost soars. Since processability of SiC 
is bad as compared with quartz, while it is difficult to manufacture the 
board for wafer maintenance which has complicated shape, there is a 
fault that the repair reproduction at the time of damaging is difficult, and 
expensive compared with the board made from quartz. 
[0009]Generally the single crystal silicon formed as raw material of the 
board made from heat-resistant Si on the other hand by the polycrystal 
polysilicon (Poly-Si) block formed according to vapor growth (CVD 
process) or a dissolution polycrystal casting process or the crystal 
pulling method is used. 
[0010] 

[Problem to be solved by the invention]However, a polysilicon block and 
single crystal silicon, Preparing the material which each shaped material 
is cylindrical, cuts down a rectangular material from this cylindrical raw 
material, grinds, and constitutes the board for wafer maintenance, and a 
silicon wafer, The outer periphery part of a raw material will be discarded 
vainly, and has a fault which the yield of product materials to an 
expensive raw material becomes low, and becomes very uneconomical. 
[0011]In addition, polysilicon and single crystal silicon, There is a 
problem of processability being bad as compared with quartz, and 
manufacture of the product which has complicated form being difficult, 
and a mechanical strength being low, being easy to produce a crack and 
chipping, and being easy to break since all have the remarkable 
anisotropy by crystal orientation, and a final processing yield also has a 
low fault. 

[0012]By the way, there is a target of a sputtering system as an 
example of component parts of a semiconductor manufacturing device 
made from above polysilicon blocks and single crystal silicon. Sputtering 
process is a method for film deposition which accelerates inert gas ion, 
such as Ar generated by discharge, by electric field, makes it collide with 
a target, and makes the target composition atom emitted by this deposit 
on a substrate. In order to form the semiconductor surface protective 
film made from SiO^ or Si 3 N 4 as a typical example of use, There are the 
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direct-current (DC) two pole sputtering system and high frequency (RF) 
sputtering system which made and N 2 act on the sputtering target 

made from Si as reactive gas. 

[0013]In recent years, in order to raise film formation efficiency more, 
the rectangle and the disc-like large-sized Si target in which the target 
which has a still bigger size than general-purpose Si sputtering target, 
for example, a vertical size, amounts to 125-150 mm, and form width 
amounts to 300-400 mm are also demanded conventionally. 
[001 4] However, since the manufacture limit size of the raw material of 
single crystal silicon or a polysilicon block is still small, in order to obtain 
large-sized Si sputtering target. There is the problem as the case where 
the further above-mentioned board for wafer maintenance is 
manufactured that complicated processing operation of joining mutually 
and processing conventionally two or more small sections cut down from 
raw material is required, and it is the same. In addition, when it evaluates 
including problems, such as unevenness etc. of the sputtering speed in 
the fall of the product yield by generating of applying in the middle of the 
time which logging of a section takes, and processing operation, and a 
junction, it is the actual condition that the room for a yet [ in cost ] 
improvement is qualitatively large. 

[0015]This invention is made in order to solve the above-mentioned 
problem, and it is a thing. 

** of the purpose is high and it is providing the board for wafer 
maintenance which can be inexpensive manufactured by the high raw 
material yield, a sputtering target, and a silicon wafer using the silicon 
sintered compact excellent in processability, and this sintered compact. 

[0016] 

[Means for Solving the Problem and its FunctionjAn inventionHn-this- 
application person repeated research wholeheartedly in order to attain 
the above-mentioned purpose. In order for silicon (Si) to have covalent 
bond nature, to use it as a difficulty sintered material originally and to 
sinter silicon powder with high density independently, For example, in 
order to require pressing operation of ultra-high pressure of tens of 
thousands of atmospheres, forming said board for wafer maintenance, a 
sputtering target, and a silicon wafer using a silicon sintered compact 
generally was not taken into consideration. Therefore, above polysilicon 
and single crystal silicon were used as a solid Si material. 
[001 7]However, after an invention-in-this-application person heat- 
treated a silicon powdered ingredient with prescribed temperature in a 
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vacuum as a result of repeating an experimental study further, and he 
removed oxygen and an impurity, he acquired knowledge that 
outstanding Si sintered compact which was excellent in processability 
with high intensity was obtained, by carrying out shaping calcination. 
Knowledge that a silicon sintered compact with them which has few 
oxygen contents was obtained was also acquired by using high grade 
silicon powder adjusted with vapor growth (CVD process) as the above- 
mentioned silicon powdered ingredient, heating this silicon powder 
similarly, deoxidizing it, and carrying out shaping calcination especially, 
after an appropriate time. [ high-density ] This invention is completed 
based on the above-mentioned knowledge. 

[0018]That is, a silicon sintered compact concerning this invention is a 
silicon sintered compact which carried out compression molding of the 
silicon powder heated in a temperature requirement of less than the 
melting point of not less than 1200 ** silicon, calcinated it, and formed it 
under decompression, and set a crystal grain diameter of a sintered 
compact as 100 micrometers or less. 

[001 9]It is the silicon sintered compact which carried out compression 
molding of the raw material silicon powder from which it heated under 
decompression of silicon powder prepared by a CVD process in a 
temperature requirement of less than the melting point of not less than 
1200 ** silicon, and oxygen and an impurity were removed, and 
calcinated it, and density is not less than 99%, and an oxygen content 
may set it as 300 ppm or less. 

[0020]A board for wafer maintenance, a sputtering target, and a silicon 
wafer concerning this invention are formed from the above-mentioned 
silicon sintered compact. 

[0021 ]The silicon powder used can grind and prepare remaining scrap 
wood and end materials which cut down a necessary material with the 
usual ball mill, a vibration mill, a jet mill, etc. from big and rough 
polysilicon and single crystal silicon. 

[0022]Classify granular Si powder formed especially based on a CVD 
process of a thermal decomposition reaction (SiH 4 ->Si+2H 2 ) of Silang 

(SiH ), and detailed Si powder with a particle diameter of 30 
4 

micrometers or less is obtained, By carrying out shaping calcination of 
this detailed Si powder, a board, a sputtering target, and a silicon wafer 
of arbitrary sizes can be prepared. By particle diameter being 30 
micrometers or less, a crystal grain diameter of a sintered compact 
obtained can be made small, improvement in density can be aimed at, 
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problems, such as improvement in a mechanical strength and chipping at 
the time of processing, cannot be caused further, but improvement in 
processability can be aimed at. 

[0023]By the way, the above-mentioned detailed Si powder is produced 
so much as a by-product, when producing a seed crystal grain with a 
particle diameter of 2-3 mm used in a crystal pulling method by a CVD 
process. When [ which are inexpensive and manufactures the above- 
mentioned wafer maintenance board, a target, and a silicon wafer using 
detailed Si powder of a high grade ] this CVD process sub**(ed), a 
capacity factor of Si-material powder can be raised substantially. 
Impurities, such as oxygen, are also reduced by high density and a 
silicon wafer which obtained especially the above-mentioned Si powder 
by carrying out shaping calcination after heating deoxidation has the 
characteristic according to a wafer with an almost regular product made 
from single crystal silicon. Therefore, when it cannot be used as a 
regular semiconductor circuit board, it is suitable as a dummy wafer 
used at the time of manufacture of a circuit board for evaluation. 
[0024]Heating operation is good under decompression conditions near a 
vacuum to carry out from 1200 ** in a temperature requirement of less 
than the melting point of silicon for 1 to 5 hours. When cooking 
temperature is less than 1 200 **, it becomes difficult to carry out 
vaporization of oxygen and an impurity element which exist in the silicon 
powdered ingredient surface, and to reduce them. As a result, oxygen 
which remains at the time of sintering will work as barrier, sintering will 
be checked, and, as a result, density of a sintered compact will fall. On 
the other hand, a maximum of cooking temperature is restricted by the 
melting point (1420 **) of silicon. 

[0025]In order to promote vaporization of an impurity or oxygen, the as 
much as possible lower one is advantageous, but a degree of vacuum of 
atmosphere at the time of heat-treatment is enough if it is practically 

-4 -5 

set as the range of 10 - 10 Torn The amount of oxygen which 
various impurities to which the sintered compact characteristic is 
reduced are removed, and checks a degree of sintering by the above- 
mentioned heat-treatment will be set to 300 ppm or less, and density of 
a sintered compact will be not less than 99%. 

[0026]A crystal grain diameter of a sintered compact is equivalent to 
particle diameter of silicon powder, and has big influence on the 
processability of a formed sintered compact. A crystal grain diameter of 
a silicon sintered compact of the invention in this application is set as 
100 micrometers or less. It is because the anisotropy of crystal 
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orientation will become remarkable and the processability of a sintered 
compact will fall, when a crystal grain diameter exceeds 100 
micrometers. When forming a silicon wafer especially with the above- 
mentioned silicon sintered compact, a crystal grain diameter is good to 
set it as 30 micrometers or less. 

[0027]Furthermore, 1200-1400 ** and about 1 to 5 hours may be 

sufficient as welding pressure at the time of compression molding, 

2 

respectively like [ 150-500 kg / cm , and temperature time at the time 
of calcination ] a heating operating condition. A more nearly quality 
silicon sintered compact can be efficiently manufactured by carrying out 
continuously, without using the usual hot press device for the above- 
mentioned heating operation, compression-molding operation, and 
calcination operation, and taking out raw material silicon powder out of a 
device system. 

[0028]After a board for wafer maintenance concerning this invention 
forms each of that component in form (Near Net Shape) near final shape 
and carries out machining with the above-mentioned silicon sintered 
compact, it assembles those components, and is welded and formed 
mutually. 

[0029]Especially, as a component of a board for wafer maintenance, in 
using the above-mentioned silicon sintered compact, In order that 
impurities, such as Fe which vaporizes from a silicon sintered compact 
at the time of heat-treatment, nickel, Cr, Co, Mn, aluminum, Cu, Na, K, U, 
and Th, may prevent adhering to a wafer and polluting (contamination), A 
total content of the above-mentioned impurity contained in a silicon 
sintered compact is desirably good to set [ of 10 ppm or less ] it as 5 
ppm or less. 

[0030]As a component of a silicon wafer, in using the above-mentioned 
silicon sintered compact, In order to avoid influence which it has on an 
integrated circuit, content of each element of Fe contained in a silicon 
sintered compact, nickel, Cr, Co, Mn, aluminum, Cu, Zn, Mg, Ca, Na, and 
K is preferably good to set [ of 0.5 ppm or less / of 0.1 ppm or less ] it 
as 0.05 ppm or less still more preferably. In order to prevent what is 
called a soft error phenomenon that produces malfunction in an 
integrated circuit with radiation from uranium (U) and thorium (Th), 
content of each element of U and Th which are contained in a silicon 
sintered compact is good to set it as 0.0005 ppm or less. 
[0031 ]By forming from the above-mentioned silicon sintered compact, Si 
sputtering target and a silicon wafer which are furthermore applied to 
this invention need neither logging processing like before, nor cut 
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processing, junction processing, etc., but can manufacture a direct 
large-sized target and a silicon wafer. Since each crystal grain of a 
silicon sintered compact which constitutes a target or a silicon wafer is 
small and its crystal orientation is random, it is rare for azimuthal 
anisotropy like before to be revealed. Therefore, there is also almost no 
generating of a crack or chipping at the time of machining, and a yield in 
a work process is also substantially improvable. 
[0032]As silicon powder used in this invention, What ground Si end 
material by which it is generated on inferior goods and a wafer 
manufacture way of a Si wafer for LSI, And when manufacturing a seed 
crystal grain used at the time of single-crystal-silicon raising by a CVD 
process, it is possible to reuse Si powder of a high grade sub**(ed) so 
much, a material yield of a silicon raw material can be raised 
substantially, and it leads also to effective use of resources. 
[0033] 

[Working example]Next, one embodiment of this invention is described 
more concretely. 

[0034]An end material of a high grade polysilicon block which cut down a 
Si wafer for embodiment 1 LSI formation, It loaded with high grade Si into 
a pot mill which lined, a mill was rotated, a collision of the end materials 
of a polysilicon block or a collision with an end material and Si which 
lined ground an end material, and mean particle diameter prepared high 
grade silicon powder which is 5 micrometers. 

[0035]Next, while filling up the die of the hot press device which has the 

black lead production type type which applied mold lubricant with the 

silicon powder which prepared [ above-mentioned ], After carrying out 

heat-treatment at the temperature of 1320 ** for 4 hours after 

-4 

adjusting the degree of vacuum of atmosphere to 10 Torr, and carrying 

out vaporization of adhesion oxygen and the impurity, While making the 

2 

welding pressure of 250 kg / cm act, silicon powder was calcinated at 
the temperature of 1320 ** for 4 hours, and many silicon sintered 
compacts of Embodiment 1 were formed. 

[0036]The silicon powder ground and prepared in Embodiment 1 was 
used as comparative example 1 one side and the comparative example 1, 
except for the point of not heat-treating, while carrying out compression 
molding of the silicon powder on the same conditions as Embodiment 1, 
it calcinated, and many silicon sintered compacts of Embodiment 1 and 
an identical size were prepared. 

[0037]The silicon powder ground and prepared in Embodiment 1 was 
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used as the comparative example 2 one side comparative example 2, 
while heat-treating and carrying out compression molding of the silicon 
powder on the same conditions as Embodiment 1 except for the point 
which enclosed the Ar gas of normal pressure in the hot press device, it 
calcinated, and many silicon sintered compacts of Embodiment 1 and an 
identical size were prepared. 

[0038]In this way, while measuring the relative density of each silicon 
sintered compact of Embodiment 1 and the comparative examples 1-2 
which were acquired, the ultimate analysis examination was done, the 
total content of Fe contained as an impurity, nickel, Cr, Co, Mn, 
aluminum, Cu, Na, K, U, and Th was measured, and the result shown in 
the following table 1 was obtained. 
[0039] 
[Table 1] 



IS *4 




(p pm) 


%Wfi\ i 


7 5 


7. 6 




6 2 


2 2.0 




6 0 


2 5. 0 



[0040]According to the silicon sintered compact of Embodiment 1, it 
becomes clear that a degree of sintering is excellent, relative density 
also becomes high, and a sintered compact of high intensity is obtained 
by heat-treatment since oxygen and an impurity are reduced effectively 
so that clearly from a result shown in Table 1. On the other hand, when 
not heat-treating (comparative example 1), and when not decompressing 
atmosphere (comparative example 2), since vaporization of oxygen or an 
impurity is not enough, only a sintered compact of low strength is 
obtained by each. 

[0041]Each component parts of the board 1 for wafer maintenance 
shown in drawing 1 as embodiment 2 Embodiment 2, Many boards 1 for 
wafer maintenance as eventually shown in drawing 1 were manufactured 
by preparing as a near [ final shape ]-shaped silicon sintered compact 
using a process shown in Embodiment 1 , and assembling, after forming 
retention-groove 5 grade further for wafer maintenance by cutting or a 
grinding process. 

[0042]After cutting down each component parts from cylindrical single 
crystal silicon as comparative example 3 one side and the comparative 
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example 3 and performing grinding polishing work, each component parts 
were assembled and many boards for wafer maintenance which have 
Embodiment 2 and an identical size eventually were manufactured. 
[0043]As comparative example 4 one side and the comparative example 
4, from the polysilicon formed in block like shape, each component parts 
were cut down like the comparative example 3, and many boards for 
wafer maintenance of Embodiment 2 and an identical size were 
manufactured with vapor growth. 

[0044]In this way, chipping in a cutting grinding process process, damage 
to a corner part, and the occurrences of a chip are totaled about each 
manufactured board for wafer maintenance of Embodiment 2 and the 
comparative examples 3-4, While computing the rate of the number of 
boards which does not have a defect eventually as a product yield, the 
rate of product weight over the total raw material Si weight supplied to 
the manufacturing process was computed as a material yield. 
[0045]About Embodiment 2, heat-treatment from preparation of silicon 
powder, compression molding, While totaling the working man hour taken 
to complete an assembly as a board for wafer maintenance through 
calcination operation, about the comparative examples 3-4. Each 
component member was started from single crystal silicon and 
polysilicon, respectively, the working man hour taken to complete an 
assembly as a board for wafer maintenance eventually was totaled, and 
the production man hour of the board was compared. The relative value 
showed the production man hour by making the case of Embodiment 2 
into a standard (100). 

[0046]The above measurement evaluation result is shown in the 
following table 2. 
[0047] 
[Table 2] 







[%] 


[-] 




9 8 


9 9 


10 0 


\mm 3 


8 0 


7 0 


3 5 0 


Jt 4 


7 5 


6 8 


3 8 0 



[0048]According to the Embodiment 2, since there is little anisotropy of 
crystal orientation, processability is extremely excellent in the silicon 
sintered compact, and even if it carries out a cutting grinding process, 
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there are few chipping, chips of a corner, etc. and they can form a 
quality board by the high yield, so that clearly from the result shown in 
Table 2. Since especially scrap wood is powdered and it is considered as 
the sintered compact raw material, the material yield is very highly 
economical. 

[0049]On the other hand, in the comparative examples 3-4, the logging 
work from a raw material raw material took the great working man hour, 
and since it was generated so much by the end material after logging, 
the manufacturing cost became high. 

[0050]To Embodiment 3 and the 5th comparative example , on the same 
conditions as Embodiment 2 and the comparative example 3 150 mm 
long. The large-sized Si sputtering target of Embodiment 3 and the 
comparative example 5 which has 400 mm wide and a 5-mm-thick size 
is manufactured, When the production man hour and material yield in 
each case were compared, while the production man hour of Si 
sputtering target of Embodiment 2 was reduced by about [ of the 
comparative example 3 ] 1/3, the material yield has improved about 30% 
and it was proved that the manufacturing cost of a target could be 
reduced substantially. 

[0051]Since Si sputtering target of the high grade started and formed 
from single crystal silicon has the small electric resistance value, If it is 
not used with a high frequency (RF) sputtering system, sputtering is 
made difficult, in addition the installation cost of the high-frequency 
sputtering system itself is a large sum, and there is a fault that a 
sputtering rate is also late. 

[0052]However, in the sputtering target formed by a sintering process 
like this example, it is also easy to make P, B, etc. dope and to raise 
resistance into a sintered compact. Therefore, sputtering becomes 
possible easily also with direct current voltage, and an installation cost 
is cheap compared with a high frequency (RF) sputtering system, it also 
enables it for a sputtering rate to be markedly alike and to apply the 
sputtering target made from a silicon sintered compact of this example 
to a high direct-current (DC) two pole sputtering system and direct- 
current magnetron sputtering system. As a result, it becomes possible 
to raise the productivity of the semi conductor product which makes 
membrane formation operation a subject by leaps and bounds. 
[0053]After manufacturing Si powder with a CVD method by making 

embodiment 4SiH into material gas, it classified and silicon powder of 
4 

30 micrometers or less was obtained. Next, while filling up the die of the 
hot press device which has the black lead production type type which 
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applied mold lubricant with the silicon powder which prepared [ above- 
mentioned ], After carrying out heat-treatment at the temperature of 

2 

1320 ** for 4 hours, while making the welding pressure of 250 kg / cm 

-a 

act after adjusting the degree of vacuum of atmosphere to 10 Torr, 
silicon powder was calcinated at the temperature of 1320 ** for 4 hours, 
and many silicon sintered compacts of Embodiment 4 were formed. 
[0054]In Embodiment 4, the silicon powder prepared with the CVD 
method was used as comparative example 6 one side and the 
comparative example 6, except for the point of not heat-treating, while 
carrying out compression molding of the silicon powder on the same 
conditions as Embodiment 4, it calcinated, and many silicon sintered 
compacts of Embodiment 4 and an identical size were prepared. 
[0055]The silicon powder prepared with the CVD method in Embodiment 
4 is used as the comparative example 7 one side comparative example 7, 
It calcinated, while heat-treating and carrying out compression molding 
of the silicon powder on the same conditions as Embodiment 4 except 
for the point which enclosed the Ar gas of normal pressure in the hot 
press device, and many silicon sintered compacts of Embodiment 4 and 
an identical size were prepared. 

[0056]In this way, while measuring the relative density of each silicon 
sintered compact of Embodiment 4 and the comparative examples 6-7 
which were acquired, the ultimate analysis examination was done, the 
total content of Fe contained as an impurity, nickel, Cr, Co, Mn, 
aluminum, Cu, Na, K, U, and Th was measured, and the result shown in 
the following table 1 was obtained. 
[0057] 
[Table 3] 





m *\ m m 

(%) 


( p p m) 




9 9.5 


3. 2 




7 2 


1 8 




7 0 


2 0 



[0058]According to the silicon sintered compact of Embodiment 4, it 
becomes clear that the degree of sintering is excellent, relative density 
also becomes high, and the sintered compact of high intensity is 
obtained by heat-treatment since oxygen and an impurity are reduced 
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effectively so that clearly from the result shown in Table 3. On the other 
hand, when not heat-treating (comparative example 6), and when not 
decompressing atmosphere (comparative example 7), since the 
vaporization of oxygen or an impurity is not enough, only the sintered 
compact of low strength is obtained by each. 
[0059]Cutting or after carrying out a grinding process, polishing 
processing of the silicon sintered compact obtained by preparing as a 
cylindrical silicon sintered compact as embodiment 5 Embodiment 5 
using the process shown in Embodiment 4 was carried out further, and 
many silicon wafers for 8 inches were manufactured. 
[0060]Each component parts were cut down from cylindrical single 
crystal silicon as comparative example 8 one side and the comparative 
example 8, and many silicon wafers which perform grinding polishing 
work and have Embodiment 5 and an identical size eventually were 
manufactured. 

[0061 ]As comparative example 9 one side and the comparative example 
9, from the polysilicon formed in block like shape, each component parts 
were cut down like the comparative example 8, and many silicon wafers 
of Embodiment 5 and an identical size were manufactured with vapor 
growth. 

[0062]In this way, chipping in a cutting grinding process process, damage 
to a corner part, and the occurrences of a chip are totaled about each 
manufactured silicon wafer of Embodiment 5 and the comparative 
examples 8-9, While computing the rate of the wafer which does not 
have a defect eventually as a product yield, the rate of product weight 
over the total raw material Si weight supplied to the manufacturing 
process was computed as a material yield. 

[0063]While totaling the working man hour taken to complete a silicon 
wafer through heat-treatment, compression molding, and calcination 
operation about Embodiment 5 from preparation of silicon powder, about 
the comparative examples 8-9. Each component member was started 
from single crystal silicon and polysilicon, respectively, the working man 
hour taken to complete an assembly as a silicon wafer eventually was 
totaled, and the production man hour of the wafer was compared. The 
relative value showed the production man hour by making the case of 
Embodiment 5 into a standard (100). 

[0064]The above measurement evaluation result is shown in the 
following table 4. 
[0065] 
[Table 4] 
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[«] 


[%] 


[-] 




9 5 


9 6 


1 0 0 


it 8 


7 8 


6 8 


3 3 0 




7 3 


6 5 


3 7 0 



[0066]According to the Embodiment 5, since there is little anisotropy of 
crystal orientation, processability is extremely excellent in the silicon 
sintered compact, and even if it carries out cutting grinding and polishing 
work, there are few chipping, chips of a corner, etc. and they can form a 
quality silicon wafer by the high yield, so that clearly from the result 
shown in Table 4. Since especially scrap wood is used as the sintered 
compact raw material as it is, the material yield is very highly 
economical. 

[0067]On the other hand, in the comparative examples 8-9, the logging 
work from a raw material raw material takes a great working man hour, 
and since it is generated so much by the end material after logging, a 
manufacturing cost becomes high. 

[0068]Although the example which applied the silicon sintered compact 
to the board for wafer maintenance, Si sputtering target, and the silicon 
wafer shows the above embodiment, It is also possible for the use object 
not to be limited to the above-mentioned embodiment, for example, to 
use it as a material of the container for calcination of various ceramic 
Plastic solids and a machine structural component. 
[0069] 

[Effect of the Invention]According to the silicon sintered compact 
applied to this invention above as explanation, since the oxygen which 
checks sintering by heat-treatment, and the impurity which causes 
contamination are reduced, the sintered compact of high intensity can 
be obtained. Small [ a crystal grain ], since crystal orientation is random, 
there are few manifestations of anisotropy and processability is 
extremely excellent. 

[0070]Therefore, when the board for wafer maintenance, a sputtering 
target, and a silicon wafer are formed with this silicon sintered compact, 
neither a crack nor chipping can be produced at the time of machining, 
and a processing yield can be raised substantially. Since a silicon 
sintered compact can be formed in the form near the final shape of use 
products, the material yield can also improve it substantially. 
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[Translation done.] 
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